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BACKGROUND OF INVENTION 

1. Field of the Invention 

The present invention relates to a storage system and 
a storage control device. 

2 . Description of the Related Art 

For example, in a database system handling a large-scale 
data such as a data center, data is controlled using a storage 
system configured separately from a host computer . The storage 
system includes, for example, a disk array system. The disk 
array system includes a number of disk storage units disposed 
in an array, and is established based for exeunple on RAID 
(Redundant Array of Independent Inexpensive Disks). At least 
one logical volume is formed in a physical storage area provided 
by a group of disk units, and the logical volume is provided 
to a host computer (more specifically, to a database program 
operated on the host computer) . The host computer can execute 
writing and reading of data with respect to the logical volume 
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by transmitting a predetermined command. 

In accordance with development of information society, 
data to be controlled by databases increases day by day. 
Therefore, a storage control device of higher capability and 
of larger volume is desired. In order to meet such, market 
requirement, new types of storage control devices have been 
developed. There are two conceivable methods for introducing 
the new storage control devices into the storage system. One 
is a method to configure a storage system with all new types 
of storage control devices ( JP-T-10-508967 ) by entirely 
replacing an old type of storage control device with a new type 
of storage control device. The other one is a method to add 
a new type of storage control device to the storage system 
including an old type of storage control device to allow the 
old and new types of storage control devices to cpexist . 

When transferring completely from the old type of storage 
control device to the new type of storage control device (Patent 
Document 1 ) , although functions and capabilities of the new 
type of storage control device can be utilized, the old type 
of storage control device cannot be used effectively. On the 
other hand, when attempt is made to allow the old type of storage 
control device and the new type of storage control device to 
coexist , the number of storage control devices configuring the 
storage system increases, and thus control and operation of 
the old and new types of storage control devices are complex. 



2 



SUMMARY OF THE INVENTION 

In view of the problems described above, it is an object 
of the invention to provide a storage system and storage control 
device that can prevent concentration of a load to a specific 
storage control device and disperse the load. 

It is another object of the invention to provide a storage 
system and a storage control device which can realize both 
logical concentration of storage resources and load-balancing 
by coordinating different storage control devices such as the 
old and new types of control units;. 

It is further object of the invention is, for example, 
to provide a storage system and a storage control device which 
can prevent concentration of the processing load to a 
sophisticated and high-performance storage control device and 
disperse the load while realizing a high-performance and 
large- capacity storage system. 

Other objects of the invention will be apparent from a 
description of embodiments that will be presented below. 

In order to solve the problem described above, a storage 
system according to the invention is a storage system including 
a first storage control device and a second storage control 
device connected so as to be capable of communicating with each 
other and executing data processing according to a request from 
a host device, wherein the first storage control device includes 
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first control means for judging whether or not the second storage 
control device can execute a predetermined data processing 
relating to a first request received from the host device and, 
when it is judged that the second control unit can execute, 
generating a second request corresponding to the first request 
and transmitting it to the second storage control device, and 
wherein the second storage control device includes second 
control means for executing the predetermined data processing 
based on the second request received from the first storage 
control device . 

The storage control device includes, for example, a disk 
array system or a fiber channel switch. The host device includes 
computers such as a personal computer or a main frame. The 
first storage control device and the second storage control 
device are connected to each other so as to be capable of 
communicating in both directions via a communication network, 
and the first storage control device and the host device are 
also connected to each other so as to be capable of communicating 
in both directions via a communication network. The second 
storage control device and the host device may also be connected 
to each other so as to be capable of communicating in both 
directions. The communication network includes, for example, 
LAN (Local Area Network) , SAN (Storage Area Network) , a private 
line, and Internet. 

The host device transmits the first request to the first 
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storage control device. This request includes, for example, 
a conunand code for specifying contents of request, and address 
information for specifying an address of data to be processed. 
Upon reception of the first request, the first control means 
of the first storage control device judges whether or not the 
second storage control device can execute a predetermined 
processing requested by the first request. The predetermined 
processing here Includes various types of data processing, such 
as a support function ( additional function ) other than the simple 
data input/output. More specifically, when considering that 
a large processing which is relatively heavy in processing load, 
such as data backup, copying process between a pair of volumes, 
and mirroring, is the predetermined processing, a heavy load 
can be dispersed among devices other than the first storage 
control device. 

When it is judged that the second storage control device 
can execute the predetermined processing, the first control 
means generates the second request corresponding to the first 
request, and transmits it to the second storage control device. 
The second request is information requesting the second storage 
control device to execute the predetermined processing. When 
the second storage control device receives the second request, 
the second control means executes the requested predetermined 
data processing based on the second request. In this manner, 
it is possible to make the second storage control device take 
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over data processing, which is requested by the first storage 
control device via the first request, via the second request 
in place of the first storage control device. 

Therefore, the processing load of the first storage 
control device is dispersed to the second storage control device 
to prevent an excessive load from concentrating the first storage 
control device, and the information processing resources of 
the first storage control device (ex. CPU processing capability , 
memory capacity) can be allocated to services for the host 
devices. When the first storage control device is a new type 
storage control device, the high-performance services that the 
first storage control device possesses can be provided to the 
host devices effectively, thereby improving the entire 
efficiency of the storage system. 

According to an embodiment of the invention, the first 
storage control device virtually provides a second storage area 
controlled by the second storage control device to the host 
device as the first storage area under control of its own, and 
the first request requests the data processing relating to the 
first storage area. 

The second storage control device is provided with an 
actual storage area provided by the storage unit such as a disk 
drive . Such storage area which actually exists is also referred 
to as an actual storage area in this specification. The first 
storage control device virtually provides the second storage 
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area, which is the actual storage area of the second storage 
control device, to the host device as if it were the storage 
area of its own. Therefore, the first storage control device 
itself is not required to have the physical storage area, and 
is capable of using the intelligent switching mechanism having 
a microcomputer system or the like (such as a fiber channel 
switch) as the first storage control device. The first storage 
control device may be, for example, a disk array system having 
a physical storage area (disk array subsystem) . When the first 
storage control device is configured of the disk array system, 
a storage area larger than the storage area which it actually 
possesses can be provided to the host device since the second 
storage area of the second storage control device is loaded. 

The host device requests data operation for the virtually 
provided first storage area by issuing the first request. 
However, the actual data is stored in the second storage area 
of the second storage control device. The first request, being 
directed to the first storage area which actually exists in 
the second storage area, can make the second storage control 
device execute the requested predetermined data processing. 
When the request from the host device is data processing, such 
as status request of the first storage control device or a backup 
process of control information which should be executed (or 
is preferably to be executed) by the first storage control device 
itself, the first storage control device itself can execute 
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the processing and response to the host device without committing 
the task to the second storage control device. 

According to an embodiment of the invention, the first 
storage control device is to retain storage areas correspondence 
information indicating correspondence between the first 
storage area and the second storage area and to virtually provide 
the first storage area to the host device based on the storage 
areas correspondence information, so that the first storage 
means can execute data processing directed to the first storage 
area by the first request based on the storage areas 
correspondence information. 

The storage area correspondence information indicates 
correspondence of the second storage area which is allocated 
as the first storage area, and is stored in a storage means 
(such as semiconductor memory) in the first storage control 
device as a mapping table or the like. The storage areas 
correspondence information can be generated and stored by manual 
operation of an operator, or by automatic processing, for example, 
at the time of definition of the storage system configuration. 

According to one embodiment of the invention, the second 
request is configured to have the similar data structure to 
the first request. 

Since the first request and the second request have the 
same data structure, the second storage control device which 
received the second request can execute data processing as if 
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it were directly commanded by the host device. In other words, 
if the data structure of the second request differs from that 
of the first request , it is necessary to add a function to receive 
and interpret the second request to the second storage control 
device. However, configuring the second request to have the 
similar data structure to the first request, the second storage 
control device can be effectively utilized without adding 
special functions to the second storage control device. 

According to an embodiment of the invention, the first 
control means confirms whether or not the second storage control 
device can execute the predetermined data processing relating 
to the second request before transmitting the second request 
to the second storage control device. 

By confirming whether or not the second storage control 
device can execute the predetermined data processing requested 
by the second request before transmitting the second request , 
useless request is prevented in advance from being transmitted 
to the second storage control device. In the case where the 
second storage control device cannot execute the predetermined 
processing and thus the first storage control device executes 
it, the first storage control device can execute the 
predetermined processing immediately without transmitting the 
useless request and waiting for error response returning from 
the second storage control device. 

According to an embodiment of the invention, the first 
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storage control device retains function management information 
showing data processing functions executable by the second 
storage control device, and the first control means judges 
whether or not the second storage control device can execute 
the predetermined data processing relating to the second request 
based on the function management information. 

The function management information may be configured 
by associating each function such as data backup , copying process 
between a pair of volumes, and mirroring with information 
indicating whether or not the corresponding function can be 
executed (can be used). Alternately, it is also possible to 
control only functions that can be executed by the second storage 
control device based on the function management information. 

The function management information can be generated 
manually or automatically at the time of definition of the 
storage system configuration. 

According to an embodiment of the invention, a backup 
device connected to both of the first storage control device 
and the second storage control device so as to be capable of 
communicating with each other is provided, and in the case where 
data processing relating to the first request is backup 
processing for transmitting and storing information stored in 
the first storage area to the backup device, the first control 
means Judges whether or not the second storage control device 
can execute the backup processing and, when it is judged that 
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the second storage control device can execute the backup 
processing, generates the second request and transmits it to 
the second storage control device by converting the address 
of the first storage area contained in the first request into 
the address in the second storage area. The second control 
means transfers and stores information stored in the second 
storage area to the backup device based on the second request . 

When the storage system is provided with a backup device 
to backup data, the host device transmits the first request 
which requests backup processing to the first storage control 
device regularly or irregularly. The first storage control 
device (first control means) which received the first request 
judges whether or not the second storage control device can 
execute the backup processing, and when it is judged to be 
executable, generates the second request and transmits it to 
the second storage control device. The second storage control 
device which received the second request transfers and stores 
information stored in the second storage area (data or control 
information) to the backup device as if it were commanded 
directly by the host device. Therefore, the first storage 
control device can make the second storage control device take 
over the backup request that the first storage control device 
received, and use its own information processing resources for 
providing other services to the host device correspondingly. 

According to an embodiment of the invention, the first 
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storage control device further provides a first secondary 
storage area , which pairs with the first storage area , virtually , 
and the second storage control device further includes a second 
secondary storage area, which pairs with the second storage 
area. In the case where the predetermined data processing 
relating to the first request is internal copying process for 
copying information stored in the first storage area into the 
first secondary storage area, the first control means Judges 
whether or not the second storage control device can execute 
the internal copying process and, when it is Judged that the 
second storage control device can execute the internal copying 
process , generates and transmits the second request to the second 
storage control device by converting the address of the first 
storage area contained in the first request to the address of 
the second storage area. The second control means copies 
information stored in the second storage area into the second 
secondary storage area based on the second request. 

The first storage control device and the second storage 
control device each include two storage areas. One of the 
storage areas is a primary storage area and the other storage 
area is a secondary storage area. The primary storage area 
and the secondary storage area pair with each other and store 
identical data. When the host device requests the first storage 
control device to execute the internal copying process for 
copying information stored in the primary first storage area 
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to the secondary first storage area, the first control means 
judges whether or not the second storage control device can 
execute the internal copying process and, when it is judged 
to be executable, converts the address in the first request 
into the address in the second storage control device and 
generates the second request. In other words, since the first 
request is directed to the first storage area of the first storage 
control device, the address contained in the first request is 
an address representing a specific storage space in the first 
storage area. Therefore, the first control means generates 
the second request by converting the address in the first storage 
area to the corresponding address in the second storage address . 
Accordingly, the second storage control device stores 
information stored in the primary second storage area, which 
is an actual storage area, into the secondary second storage 
area, which is an actual storage area as if it were commanded 
directly by the host device. Therefore, the first storage 
control device makes the second storage control device take 
over the internal copying process and uses its own information 
processing resources to other services. 

According to an embodiment of the invention, there is 
provided a subsite which pairs with a main site in which the 
first storage control device and the second storage control 
device are provided, and connected to the main site so as to 
be capable of communicating with each other. The subsite 
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includes a remanent first storage control device and a remanent 
second storage control device, and the remanent first storage 
control device virtually provides a remanent second storage 
area controlled by the remanent second storage control device 
as a remanent first storage area which is controlled by the 
remanent first storage control device. When the predetermined 
data processing relating to the first request is external copying 
process for copying information stored in the first storage 
area to the remanent first storage area of the subsite, the 
first control means of the main site Judges whether or not both 
of the second storage control device and the remanent second 
storage control device can execute the external copying process 
and, when it is judged that the respective second storage control 
device can execute the external copying process, generates the 
second request corresponding to the first request and transmits 
it to the second storage control device, and then the second 
control means executes the external copying process by copying 
information stored in the second storage area to the remanent 
second storage area based on the second request. 

The storage system may include two sites; a main site 
(primary site, local site) andasubsite (secondary site, remote 
site) installed at a location away from the main site. The 
main site includes the host device, the first storage control 
device, and the second storage control device, while the subsite 
includes the remanent first storage control device and the 
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remanent second storage control device . The subsite is a backup 
site of the main site, and the first storage control device 
of the main site pairs with the remanent first storage control 
device of the subsite . In each of the main site and the subsite , 
the first storage control device (the remanent first storage 
control device ) makes out the actual storage area ( second storage 
area, remanent second storage area) which is actually presented 
by the second storage control device (remanent second storage 
control device) to be the storage area of its own (first storage 
area, remanent first storage area). Therefore, the second 
storage control device and the remanent second storage control 
device in each of the main and the sub sites pair with each 
other . 

The first storage area, which the first storage control 
device installed in the main site virtually provides to the 
host device, is a primary volume, and the first storage area, 
which the first storage control device installed in the subsite 
virtually provides, is a secondary volume which pairs with the 
primary volume. The host device requests the external copying 
process to the first storage control device in the main site 
regularly or irregularly. The external copying process means 
the processing for copying information in the main site to the 
subsite. When the external copying process is requested via 
the first request, the first control means belonging to the 
main site judges whether or not the second storage control 
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devices in both of the main and sub sites can execute the external 
copying process. When the second storage control devices 
installed in both sites can execute the external copying process , 
the first control unit belonging to the main site generates 
the second request corresponding to the first request and 
transmits the second request to the second storage control device 
installed in the main site. Accordingly, the second storage 
control device installed in the main site read data stored in 
the second storage area and transmits it to the second storage 
control device installed in the subsite, and stores it in the 
second storage area in the subsite. The second request here 
is generated by converting the copy- from address or the copy- to 
address expressed in the first request into the address in the 
second storage areas in both of the main and sub sites. 
Accordingly, the external copying process is executed between 
the second storage control devices in both of the main and sub 
sites in which data or control information is actually stored, 
and the first storage control devices in both of the main and 
sub sites are not directly involved in the external copying 
process . Therefore , the first storage control device installed 
in the main site does not spend information processing resources 
for executing the external copying process, and can provide 
services to the host device using the corresponding information 
processing resources. 

Here, the remanent first storage control device installed 
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in the subsite retains remanent function management information 
indicating data processing functions that the remanent second 
storage control device can execute, and the first control means 
in the main site can judge whether or not the remanent second 
storage control device can execute the external copying process 
by sending inquiries to the remanent first storage control device 
in the subsite before transmitting the second request to the 
second storage control device. 

In other words, information on the data processing 
function that the remanent second storage control device 
installed in the sub site can execute is retained by the remanient 
first storage control device installed in the sub site as 
function management information for the subsite. Therefore, 
the first storage control device installed in the main site 
judges whether or not the remanent second storage control device 
in the subsite can execute the external copying process by 
sending inquiries to the remanent first storage control device 
installed in the sub site before transmitting the second request . 
Information on the data processing functions that the second 
storage control device installed in the main site can execute 
is retained by the first storage control device installed in 
the main site as function management information for the main 
site . 

According to an embodiment of the invention, the first 
storage control device retains storage areas correspondence 
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information indicating correspondence between the first 
storage area and the second storage area, and the remanent first 
storage control device retains remanent storage areas 
correspondence information indicating correspondence between 
the remanent first storage area and the remanent second storage 
area. The first control means transmits respective storage areas 
correspondence information when transmitting the second 
request to the second storage control device. 

Accordingly, the second storage control device installed 
in the main site can execute the external copying process while 
comprehending information on the copy-from and copy- to storage 
spaces . 

According to an embodiment of the invention, the first 
storage control device includes a renewed positional 
information retaining means for retaining information relating 
to the first storage area renewed by the host device during 
external copying process , and when the external copying process 
is completed, the first control means generates the second 
request, reads renewed information from the second storage 
control device, and transmits read information so as to store 
information renewed in the first storage area to the remanent 
first storage area based on the renewed positional information 
retaining means . 

In other words , there is a case in which the host device 
accesses the first storage control device installed in the main 
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site and renews data while the external copying process is being 
executed between the second storage control devices installed 
respectively in the main and sub sites . Therefore , information 
relating to information renewed during the external copying 
process (for example, information on renewed logical block 
address) is stored in the renewed positional information 
retaining means and then renewed information is reflected on 
the second storage area in the subsite after the external copying 
process is completed: 

A control method according to another aspect of the 
invention is a control method including a first storage control 
device and a second storage control device connected so as to 
be capable of communicating with each other for controlling 
a storage system for executing data processing according to 
requests from a host device, the first storage control device 
performing the steps of receiving a first request from the host 
device, judging whether or not the second storage control device 
can execute a predetermined data processing relating to the 
received first request, generating a second request 
corresponding to the first request when it is judged that the 
second storage control device can execute the predetermined 
data processing, and transmitting the generated second request 
to the second storage control device, and the second storage 
control device executing the steps of receiving the second 
request from the first storage control device, and executing 
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the predetermined data processing based on the received second 
request . 

A storage control device according to further aspect of 
the invention is a storage control device connected to a second 
storage control device and a host control so as to be capable 
of communicating with each other for executing data processing 
according to a request from a host device, including receiving 
means for receiving a first request from the host device , Judging 
means for judging whether the second storage control device 
can execute a predetermined data processing relating to the 
received first request , requesting means for generating a second 
request corresponding to the first request when it is judged 
that the second storage control device can execute the 
predetermined data processing, and transmitting means for 
transmitting the generated second request to the second storage 
control device. 

A program according to the invention is a program connected 
to a second storage control device and a host device so as to 
be capable of communicating with each other for controlling 
a first storage control device for executing data processing 
according to a request from the host device, implementing the 
functions of judging whether or not the second storage control 
device can execute a predetermined data processing relating 
to the first request received from the host device, generating 
a second request corresponding to the first request when it 
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is judged that the second storage control device can execute 
the predetermined data processing, and transmitting the 
generated second request to the second storage control device 
on a computer of the first storage control device, 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig . 1 is a block diagram schematically showing a principal 
portion of a storage system according to a first embodiment 
of the invention. 

Fig. 2 is a block diagram of a case in which the first 
storage control device is configured of a disk array system. 

Fig. 3 is an explanatory drawing schematically showing 
a logical structure of the disk array system shown in Fig. 2 
when viewed from the host device. 

Fig. 4 is a block diagram showing a case in which the 
first storage control device is configured of a fiber channel 
switch. 

Fig. 5 is an explanatory drawing schematically showing 
a logical structure of the fiber channel switch shown in Fig. 
4 when viewed from the host device. 

Fig. 6 is a schematic block diagram showing an excunple 
in which data is read/written from/into the second storage 
control device from the first storage control device. 

Fig. 7 is a schematic block diagram showing a case in 
which the first storage control device is configured as a disk 
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array system, and is connected to a single second storage control 
device . 

Fig, 8 is a schematic block diagram of a case in which 
the first storage control device is configured as a fiber channel 
switch and the virtual LU is configured of two actual LUs. 

Fig. 9A is a mapping table of a case in which the first 
storage control device is configured as a fiber channel switch. 
Fig. 9B is a mapping table of a case in which the first storage 
control device is configured as a disk array system, and Fig. 
9C is a mapping table of a case in which the virtual LU is 
configured of a plurality of actual LUs. 

Fig. 10 is an explanatory drawing of a case in which the 
first storage control device executes direct backup by itself . 

Fig. 11 is an explanatory drawing showing a case in which 
the first storage control device provided with a virtual LU 
executes direct backup. 

Fig. 12 is an explanatory drawing showing a case in which 
the first storage control device provided with a virtual LU 
makes the second storage control device take over direct backup . 

Fig. 13A shows a function management table. Fig. 13B shows 
a data structure of a command transmitted from the host device 
to the first storage control device, and Fig. 13C shows a data 
structure of acommand transmitted from the first storage control 
device to the second storage control device. 

Fig. 14 is a flowchart schematically showing processing 
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in the first storage control device in the case of executing 
direct backup of data. 

Fig. 15 is a schematic block diagram showing the entire 
storage system according to the second embodiment of the 
invention. 

Fig. 16A shows a mapping table in the main site. Fig. 
16B shows a mapping table in the subsite, and Fig. 16C shows 
a data structure of the initial copy start command , respectively . 

Fig, 17 is a flowchart schematically showing a procedure 
in the first storage control device when performing initial 
copy . 

Fig . 18 is a block diagram schematically showing the entire 
storage system in a case in which the first storage control 
device provided with a virtual LU makes the second storage 
control device take over logical volume copy . 

Fig. 19A shows a mapping table in the main site. Fig. 
19B shows a mapping table in the subsite. Fig. 19C shows a function 
management table in the main site. Fig. 19D shows a function 
management table in the subsite, and Fig. 19E shows a data 
structure of an initial copy start command. 

Fig. 20 is a flowchart schematically showing a processing 
of initial copy executed by the first storage control device. 

Fig. 21 is a flowchart showing a second storage control 
device performing initial copy requested from the first storage 
control device. 



23 



Fig. 22 is a block diagram schematically showing the 
configuration according to the third embodiment of the invention , 
in which synchronization of the internal volume is performed* 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Referring now to Fig. 1 to Fig. 22, an embodiment of the 
invention will be described. 

In the invention, as is described in detail below, a first 
storage control device virtually provides an actual storage 
area, which is provided by the second storage control device, 
to a host computer as if it is its own storage area, and commits 
processing that the second storage control device can execute 
to the second storage control device. In other words, in the 
invention, logically centralized control can be executed for 
dispersing physical storage resources by the first storage 
control device , and a specific heavy load processing is dispersed 
for execution under the condition in which centralized control 
is enabled. 

The first storage control device here may include a 
plurality of operating modes . A first mode is peculiar to the 
invention, in which a virtual storage area is provided to the 
host computer and the processing that can be executed by the 
second storage control device is committed to the second storage 
control device. A second mode is a mode in a prerequisite 
structure of the invention, in which a virtual storage area 
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is provided to the host computer and processing that can be 
executed by the second storage control device is executed by 
the first storage control device. A third mode is a mode which 
is known in the related art, in which a virtual storage area 
is not provided, but the processing for the actual storage area 
is executed by the first storage control device. A storage 
system according to the invention includes at least the first 
mode. It may further include the second mode and the third 
mode. The storage system including a plurality of operating 
modes is not known in the related art, but is one of the 
characteristics of the invention. 
[Embodiment 1] 

[Summary of Entire Configuration] 

Referring now to Fig. 1 to Fig. 9, a configuration of 
an embodiment according to the invention will be described. 
Fig. 1 is a block diagram showing the configuration of the 
principal portion of the storage system according to the 
embodiment . 

A host device 1 is a computer device including information 
processing resources such as a CPU (Central Processing Unit) 
or a memory, and is configured as a personal computer, a work 
station, a main frame, or the like. The host device 1 includes 
information input devices (not shown) such as a keyboard switch, 
pointing device , and microphone , and information output devices 
(not shown) such as a monitor display, a speaker, and the like. 
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The host device 1 includes RAID manager for controlling RAID 
or a database management program installed therein. 

The host device 1 is connected to a first storage control 
device 10 and a second storage control device 200, which will 
be described later, so as to be capable of communicating with 
each other in both directions via a communication network 2 . 
The communication network 2 may be selected from, for example, 
LAN, SAN, Internet, a private line, and a public line, depending 
on the case. The data communication via LAN is executed 
according to, for example, TCP/IP (Transmission Control 
Protocol/ Internet Protocol) protocol. When the host device 1 
is connected to the first storage control device 10 or the like 
via LAN, the host device 1 specifies a file name and requests 
data input /output in files . When the host device 1 is connected 
to the first storage control device 10 or the like via SAN, 
the host device 1 requests data input/output in blocks, which 
is a data control unit in the storage area provided by a plurality 
of disk storage devices (disk drives) according to the fiber 
channel protocol. 

The host device 1 and the first storage control device 
10, the first storage control device 10 and the second storage 
control device 200, and the host device 1 and the second storage 
control device 200 may be connected respectively by separate 
communication networks , or by a common communication network 
2 as shown in the drawing . When the communication network between 



26 



the first storage control device 10 and the host device 1 differs 
from the communication network between the first storage control 
device 10 and the second storage control device 200, a second 
request may be transmitted from the first storage control device 
10 to the second storage control device 200 by executing protocol 
conversion or the like. 

The first storage control device 10 is a computer system 
configured as a disk array system or a fiber channel switch, 
as will be described later. The first storage control device 
10 virtually provides a logical storage area set on a physical 
storage area provided by the second storage control device 200 
(logical volume (Logical Unit)) to the host device 1 as if the 
first storage control device itself provides. 

In the description below, the logical volume may be 
referred to as LU, and the LU provided virtually by the first 
storage control device 10 may be referred to as virtual LU. 
The LU which actually exists may be referred to as actual LU. 
In the drawings, the virtual LU is represented by a virtual 
line (chain double -dashed line) , and the actual LU is represented 
by a solid line. When the first storage control device 10 is 
configured of the disk array system, the first storage control 
device 10 includes both of the virtual LU and the actual LU. 
It may be considered that the actual LU is a virtual LU having 
its physical actual storage area in the first storage control 
device 10, or under the direct control of the first storage 
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control device 10. If it is considered in this manner, it is 
also possible to refer to the virtual LU having a substance 
of the storage area in the second storage control device 200 
as a virtual external LU and, in contrast , the virtual LU having 
a substance of the storage area in the first storage control 
device 10 as a virtual internal LU. 

In this manner, since the first storage. control device 
10 provides the LU of the second storage control device 200 
to the host device 1 as the virtual LU, the first storage control 
device 10 Itself is not required to have the actual LU . Therefore , 
even the fiber channel switch that is not provided with a disk 
drive for providing a physical storage area can be used as the 
first storage control device 10 as long as it has a required 
information processing capability. 

The first storage control device 10 is provided with ports 
11, 12 for communicating with the host device 1 or the second 
storage control device 200 and a command control unit 210 . When 
the first storage control device 10 is configured of the disk 
array system, the first storage control device 10 is provided 
with a storage device 70. The storage device 70 includes a 
plurality of devices such as hard disk, flexible disk, magnetic 
tape, semiconductor memory, or optical disk, and a LU 71 is 
set in these physical storage areas . The first storage control 
device 10 provides a virtual LU 72 which is established by mapping 
the actual LU of the second storage control device 200. In 
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Fig. 1, for the sake of convenience of description, the storage 
device 70 includes the actual LU 71 and the virtual LU 72 • The 
storage device 70 can be connected to the first storage control 
device 10 directly or via a conununication network. 
Alternatively, the storage device 70 and the first storage 
control device 10 can be combined together into a unit. 

The respective ports 11, 12 are used for transmitting 
and receiving data. One of the ports 11 is a target port (TP) 
which receives requests from the host device 1, and the other 
port 12 is an initiator port (IP) for transmitting requests 
to the second storage control device 200. Both of these ports 
11, 12 are identical in configuration, and serve as the target 
port or the initiator port depending on the role to play for 
data communication . 

The command control unit 100 is implemented by information 
processing resources (CPU, memory, I/O circuit, etc.) provided 
in the first storage control device 10, or by software. The 
command control unit 100 can be implemented by a main controller 
(not shown) of the first storage control device 10, or by 
coordination with a channel adapter or a disk adapter. The 
command control unit 100 includes a command analysis unit 110, 
a judgement unit 120, a command generation unit 130, a command 
table TC, a mapping table TM, and a function management table 
TF. 

The command analysis unit 110 analyzes a command (request) 
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received from the host device 1 via the port 11 based on the 
conunand table TC . The command table TC includes various command 
codes registered in advance, so that what the command code 
contained in the request from the host device 1 request can 
be judged by making reference to the command table TC. 

The judgement unit 120 judges whether or not the second 
storage control device 200 can execute a data processing relating 
the request received from the host device 1. The judgement 
unit 120 judges whether or not the second storage control device 
200 is provided with the requested data processing function 
by making reference to the function management table TF. The 
function management table TF, which will be described later 
in detail, is generated, for example, at the time of definition 
of the storage system configuration, and support functions 
implemented in the second storage control device 200 are 
registered therein. 

The command generation unit 130 converts the request 
received from the host device 1 for the second storage control 
device 200 . The command generation unit 130 generates a request 
so that the second storage control device 200 can execute the 
data processing requested by the host device 1 by making 
reference to the command table TC and the mapping table TM. 
The mapping table TM shows correspondence of the LU of the second 
storage control device 200 to the virtual LU of the first storage 
control device 10. The command generation unit 130 converts 
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an address for the storage space of the virtual LU into an address 
for the storage space of the actual LU, 

In this manner, the command control unit 100 analyzes 
the first request received from the host device 1, and judges 
whether or not the second storage control device 200 can execute 
the data processing (support function) requested via the first 
request. When it is Judged that the second storage control 
device 200 can executed the data processing, the command control 
unit 100 generates a second request corresponding to the first 
request, and transmits the second request from the port 12 to 
the second storage control device 200 via the communication 
network 2. When the second storage control device 200 cannot 
execute the data processing requested by the host device 1, 
the first storage control device 10 executes the requested data 
processing. 

[In the case where the first storage control device is 
applied to the disk array system] 

Fig. 2 is a block diagram showing a detailed example when 
the first storage control device 10 is configured as the disk 
array system. The first storage control device 10 may include, 
for example, a plurality of channel adapters 20, a cache memory 
40, a shared memory 50, a plurality of disk adapters 60, and 
the storage device 70, as will be described respectively later. 
Though not shown, the first storage control device 10 may include , 
for example, a MPU (Micro Processing Unit) for controlling the 
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operation of the first storage control device 10 as a whole 
and a maintenance control terminal for setting environment, 
controlling various statuses, and so on. 

The channel adapters (CHA) 20 execute data communication 
with the host device 1 . Each channel adapter 20 includes a 
communication port 21 for communicating with the host device 
1 or the like, a transfer unit 22 for transferring received 
data, a micro' processor (abbreviated as MP) 23 for controlling 
the operation in the channel adapter, and a memory 24. The 
command control unit 100 for interpreting and processing various 
commands received from the host device 1 is implemented by the 
microprocessor 23. Alternatively, the command . control unit 
100 may be implemented by the MPU, which generally manages the 
entire device , or the command control unit 100 may be implemented 
by coordination of the MPU with the channel adapters 20, 
coordination of the MPU with the channel adapters 20 and the 
disk adapter 60, and coordination of the channel adapter 20 
with the disk adapter 60. 

The channel adapters 20 each have a network address for 
identification (for example, IP address, or WWN (World Wide 
Name) allocated thereto, and the respective channel adapters 
20 are configured to act individually as a DAS (Direct Attached 
Storage ) or as a NAS ( Network Attached Storage ) . In other words , 
each channel adapter 20 can receive a request from each host 
device 1 individually. Each channel adapter 20 may include 
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a plurality of control circuits each configured of a port 21, 
a transfer unit 22, a microprocessor 23, and a memory 24, 

Each microprocessor 23 is connected to the shared memory 
50 via a host-side shared memory access circuit 31, and writes 
control information into the shared memory 50 or makes reference 
to control information written in the shared memory 50. Each 
transfer unit 22 is connected to the cache memory 40 via a 
host-side cache memory access circuit 32, and stores data 
received from the host device 1 in the cache memory 40 or reads 
data stored in the cache memory 40 and transmits it to the host 
device 1. The cache memory 40 and the shared memory 50 are 
storage means shared by the channel adapters 20 and the disk 
adapter 60 . The cache memory 40 mainly includes data stored 
therein, and the shared memory 50 mainly includes control 
information and command stored therein. A work area is also 
set in the shared memory 50. The command table TC, the mapping 
table TM, and the function management table TF described above 
may be stored, for example, in the shared memory 50, or may 
be stored in the cache memory 40. 

Each disk adapter (DKA) 60 controls data input/output 
between the storage device 70 and a group of disk devices 73. 
The disk adapter 60 writes data that the channel adapter 20 
received from the host device 1 into a predetermined address 
in the group of disk devices 73 according to the writing request 
from the host device 1. At this time, each disk adapter 60 
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converts a logical address in the logical volume into a physical 
address in a physical disk. The disk adapter 60 can perform 
data access according to the RAID configuration and execute 
copy management control or backup control of data stored in 
the group of disk devices 73 when the group of disk devices 
73 is controlled by the RAID. In addition, the disk adapter 
60 can control the task to store a copy of data in the primary 
site to the secondary site (replication function or remote 
copying function) for preventing data loss at a time of disaster. 

Each disk adapter 60 may include a plurality of control 
circuits each including a communication port 61, a transfer 
unit 62, a microprocessor 63, and a memory 64. Each 
communication port 61 performs data communication between a 
storage device and a group of disk devices 73. Each transfer 
unit 62 is connected to the cache memory 40 via a device -side 
cache memory access circuit 34 for transferring data written 
in the cache memory 40 to the group of disk devices 73 or writing 
data read from the group of disk devices 73 into the cache memory 
40. The microprocessor 63 is connected to the shared memory 
50 via a device-side shared cache memory access circuit 33 so 
as to be capable of making reference to control information 
or commands written in the shared memory 50. 

The host-side shard memory access circuit 31 and the 
device-side shared memory access circuit 33, and the host-side 
cache memory access circuit 32 and the device-side cache memory 
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access circuit 34 may be configured as a high-speed bus, such 
as an ultra high-speed cross -bus switch, for transmitting data 
by high-speed switching operation. 

Fig. 3 is a block diagram showing a principal portion 
of a logical configuration when viewing the first storage control 
device 10 from the host device 1. The first storage control 
device 10 provides two types of LUs to the host device 1. One 
is an actual LU 71 provided by the physical group of disk devices 
73 in the storage 70 controlled directly by the first storage 
control device 10. The other one is a virtual LU 72, which is 
an actual LU provided by a group of disk devices 221 in the 
storage device 220 controlled by the second storage control 
device 200 as the LU of the first storage control device 10. 
As shown in Fig. 3, a plurality of actual LUs 71 and a plurality 
of virtual LUs 72 may be provided. The LUs 71, 72 each include 
a group of a plurality of disk devices . A method for controlling 
the virtual LU 72 provided by the first storage control device 
10 and the storage device 220 controlled by the second storage 
control device 200 is written in Japanese Patent Application 
No. 2003-337239, filed on September 29, 2003. The entire 
disclosure in Japanese Patent Application No. 2003-337239, 
filed on September 29 is incorporated herein by reference. 

[In the case where the first storage control device is 
applied to the fiber channel switch] 

Subsequently, Fig. 4 is a block diagram showing a detailed 
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example of the case in which the first storage control device 
10 is configured as an intelligent fiber channel switch. In 
order to differentiate from the case of being configured as 
the disk array system, reference sign (SW) is added to the 
reference niimeral 10 in the drawing. The first storage control 
device 10 includes a plurality of channel adapters 20, shared 
memory access circuits 31, 33, cache memory access circuits 
32, 34, a cache memory 40, a shared memory 50, and a controller 
80. Detailed description of the channel adapter 20 and the 
like will be omitted since they are described in conjunction 
with Fig . 2 . The controller 80 generally controls the operation 
as a whole, and is provided with the MPU and the memory. 

A significantly different point from those shown in Fig. 
2 is that the first storage control device 10 configured as 
the fiber channel switch does not include the storage device 
70 to be directly controlled. 

Fig. 5 is a block diagram showing a principal portion 
of logical configuration when viewing the first storage control 
device 10 configured as the fiber channel switch from the host 
device 1. As shown in the drawing, the first storage control 
device 10 does not have the actual LU, but have at least one 
virtual LU 72 . As described above, the substance of the virtual 
LU 72 actually exists in the storage device 220 of the second 
storage control device 200. 

[DATA ACCESS TO VIRTUAL LU] 
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Subsequently, referring to Fig. 6, data access to the 
virtual LU 72 will be described. Fig. 6 shows a case in which 
the first storage control device 10 is configured as the fiber 
channel switch. 

When the host device 1 requests the virtual LU 72 to write 
or read data, the host device 1 generates a command CH to the 
first storage control device 10. The command CH contains 
information for identifying the first storage control device 
10 (Port ID, WWN, etc.) a command code (write command, read 
command, etc. ) , and an address for reading target data (in case 
of read command) . The command CH from the host device 1 is 
received by a target port 11 of the first storage control device 
10 via the communication network 2 such as SAN, and supplied 
to the command control unit 100. 

The command control unit 100 analyzes the received command 
CH, and makes reference to the mapping table TM to execute the 
data processing requested from the host device 1. When the 
first storage control device 10 is configured of the fiber 
channel switch, the mapping table TM may be configured, for 
example, as shown in Fig. 9A. The mapping table TM maybe 
configured by coordinating a volume ID (VOL ID) for identifying 
the virtual LU (virtual logical volume ) 72, a logical block 
address (BLK ADDR) set in the virtual LU 72, a device ID for 
identifying the second storage control device 200 having the 
actual LU 222 corresponding to the virtual LU 72, a port ID 
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for identifying the port corresponding to the actual LU 222, 
a volume ID for identifying the actual LU 222, and a logical 
block address set to the actual LU 222 corresponding to the 
logical block address of the virtual LU 72, respectively. 
Therefore, by making reference to the mapping table TM, one 
can know to which logical block address (hereinafter referred 
simply as "address") of the actual LU 222 provided by which 
second storage control device 200 a specific logical block 
address of the virtual LU 72 corresponds. The mapping table 
TM is registered manually or automatically, for example, when 
the storage system is configured and the logical volume is 
registered. 

Here, mapping between the virtual LU and the actual LU 
includes a case in which the mapping table is used for every 
address , and a case in which some calculations are performed 
in addition to reference of the table for obtaining a 
corresponding address. In the latter case, the size of the 
mapping table may be reduced in comparison with the former case . 
In the mapping of the invention, the corresponding address can 
be obtained by reference to the table and calculation. 

Here, it is assumed that the host device 1 issued the 
command CH for making data written in the virtual LU 72 in a 
range from the address Bb to the address Be. The command control 
unit 100, upon reception of the command CH, makes reference 
to the mapping table TM based on the specified address . 
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Accordingly, the command control unit 100 acknowledges that 
the virtual LU 72 is coordinated with the actual LU 222 which 
is specified by a volume IDa2 accessible from a port 201 (port 
ID = TP2), and that the address Bb-Bc in the virtual LU 72 
corresponds to the address Bb2-Bc2 of the actual LU 222. Then, 
the command control unit 100 generates a command CS by rewriting 
part of the contents of the command CH received from the host 
device 1. That is, the command control unit 100 generates the 
command CS by rewriting the volume ID and the address contained 
in the command CH received from the host device 1 into the volume 
ID and the address in the actual LU 222 based on the mapping 
table TM (Vol ID a ^ vol ID a2 , BLKADDR Bb-Bc ^ BLKADDR Bb2-Bc2) . 
The command control unit 100 transmits the generated command 
CS from the initiator port 12 via the communication network 
2 to the second storage control device 200. Though it is the 
same in the cases shown below, when converting the address, 
the corresponding address can be obtained not only by making 
reference only to the mapping table TM, but also by performing 
some calculation in addition to reference of the mapping table 
TM. 

The command CS transmitted from the first storage control 
device 10 is received by a target port 201 of the second storage 
control device 200, and taken over to a command control unit 
210. The command control unit 210 analyzes the contents of 
the command CS and writes data into the specified address' 
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(Bb2-Bc2) in the actual LU 222 which physically exists. Upon 
completion of writing of data, the second storage control device 
200 reports the completion of writing to the first storage 
control device 10. Timing of reporting the completion of 
writing to the host device 1 may be, for example, either one 
of timing when the first storage control device 10 received 
the command CH (asynchronous mode) and timing when the first 
storage control device 10 received a report of completion of 
writing from the second storage control device 200 (synchronous 
mode) . In the case of synchronous mode, since there is a delay 
corresponding to the waiting period for a response from the 
second storage control device 200, it is suitable to the case 
in which the first storage control device 10 and the second 
storage control device 200 are installed not too far apart. 
When the first storage control device 10 is installed at a 
location far away from the second storage control device 200, 
since there are problems of response delay and propagation delay , 
synchronous mode is not generally suitable and thus the 
asynchronous mode is employed. 

The same processing as the case of data writing described 
above is executed when the host device 1 reads data from the 
virtual LU 72. The command CH issued from the host device 1 
(read request) is analyzed by the command control unit 100 of 
the first storage control device 10. The command control unit 
100 generates the command CS by making reference to the mapping 
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table TM and converting the address In the virtual LU 7 2 which 
Is specified as a target of reading Into the address In the 
actual LU 222, and then transmits the command CS to the second 
storage control device 200. The command CS Is received by the 
target port 201 of the second storage control unit 200, and 
analyzed by the command control unit 210. The command control 
unit 210 reads data of the specified address from the actual 
LU 222 (the cache memory If It Is already read out to the cache 
memory) , and transmits read- out data to the first storage control 
device 10. The first storage control device 10 transmits the 
received data to the host device 1. vnien data of the address 
specified by the host device 1 Is already stored In the cache 
memory 40 In the first storage control device 10, stored data 
may be transmitted to the host device 1. 

Subsequently, Fig. 7 shows a case In which the first storage 
control device 10 Is configured as the disk array system. In 
this case, the first storage control device 10 Includes the 
actual LU 71 that the first storage control device 10 controls 
directly by Itself and the virtual LU 72. The volume ID of 
the virtual LU 72 Is designated by a and the volume ID of the 
actual LU 71 Is designated by p. 

When the first storage control device 10 Is provided with 
the actual LU 71 and the virtual LU 72, the mapping table TM 
may be configured, for example, as shown In Fig. 9B. The part 
of the table shown In Fig. 9B relating to the virtual LU 72 
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is identical to the table shown in Fig. 9A. The different point 
is the part relating to the actual LU 71 of the first storage 
control device 10. Since the actual LU 71 is possessed by the 
first storage control device 10, the device ID is the ID of 
the first storage control device 10 ( SDl ) . From the same reason , 
the port ID for accessing the actual LU 71 includes information 
indicating that it is the internal logical volume (INTERNAL) 
registered therein. Since there is no correspondence to the 
LU of the second storage control device 200, the corresponding 
volume ID or the address are not registered. By utilizing the 
identifier (internal) showing the port ID field and 
differentiation between internal and external, the actual LU 
71 and the virtual LU 72 can be controlled by the mapping table 
of the identical configuration. However, it is not limited 
thereto, and the actual LU 71 and the virtual LU 72 may also 
be controlled by separate tables . 

Writing and reading of data from the host device 1 to 
the virtual LU 72 are the same as in the case of the fiber channel 
switch described above, description will not be made here. 

Subsequently, Fig. 8 shows a case in which the first storage 
control device 10 is configured as the intelligent fiber channel 
switch and the virtual LU 72 of the first storage control device 
10 is configured of two logical volumes; the actual LUs 222A, 
222B, which are provided respectively by the second storage 
control devices 200A, 2003. In this case, the mapping table 
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TM may be configured, for example,. as shown in Fig. 9C. As 
regards to one of the second storage control device 200A, the 
device ID is designated by SD2(1), the port ID is designated 
by TP2 ( 1 ) , and the volume ID is designated by a2A, and as regards 
to the other second storage control device 200B, the device 
ID is designated by SD2 ( 2 ) , the port ID is designated by TP2 ( 2 ) , 
and the volume ID is designated by a2B, 

As shown in the mapping table TM in Fig. 9C, the virtual 
LU 72 (volume ID = a) provided by the first storage control 
device 10 to the host device 1 is configured of a LU 222A (volume 
ID = a2A) accessible from the port ID TP2 ( 1 ) and a LU 222B (volume 
ID = a2B) accessible from the port ID TP2(2) . In this manner, 
the first storage control device 10 can establish one or 
pluralities of virtual LUs by collecting dispersed pluralities 
of LUs. Therefore, the storage resources of the storage system 
is reorganized and utilized effectively by configuring 
pluralities of old types of storage control devices that are 
low in usability together into one or pluralities of virtual 
LUs- 

[ Direct Backup 1] 

Subsequently a flow of the procedure of direct backup 
will be described. The direct backup is a process to backup 
data directly between the storage control device and the backup 
device without interposing a host device 1 . The direct backup 
is one of support functions that the storage control device 
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provides . 

Fig. 10 is an explanatory drawing schematically showing 
the mechanism of the direct backup, which is considered to be 
a generally employed method. The storage control device 10 
(N) shown in Fig. 10 is a normal storage control device which 
does not establish the virtual LU. The backup device 3 is a 
storage device for storing copy of the entire or part of data. 
The backup device 3 that can be employed includes disk type 
storage devices such as MO (magneto-optic), CD-R 
( CD- Recordable ) , DVD-RAM (Digital Versatile Disk - RAM ) , and 
tape- type storage device such as DAT (Digital Audio Tape) tape, 
cassette tape, open tape, or cartridge tape. Although the tape 
type storage device is assumed in an example shown in the drawing , 
it is not limited thereto. 

In the direct backup, writing of data into the backup 
device can be roughly divided into two. One is data backup 
and the other is writing of control information. Which backup 
is to be performed is decided by the command (request) issued 
by the host device 1 . In the case of data backup, a copy request 
as shown in Fig. lOA is transmitted from the host device 1 to 
the storage control device 10 (N) . When performing data backup, 
the command CH transmitted from the host device contains a 
request ID indicating the copy request stored in, the command 
code, an address and a volume ID (only the address is shown 
in the drawing) indicating the range of data to be backed up 
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stored in the copy-from address, and a device ID specifying 
the backup device 3 stored in the copy- to device ID, respectively. 
On the other hand , when performing backup of control information , 
the command CH contains a request ID requesting writing of 
control information stored in the command code and an ID of 
the backup device 3 stored in the copy- to device ID, and the 
command CH contains control information which is a copy target. 
As an actual example of these requests, there is Extended Copy 
Command which is defined, for example, by SCSI-3. 

First, the operation in the case of data backup will be 
described. The host device 1 generates the command (copy 
request) CH as shown in Fig. lOA, and specifies the address 
of the logical block which is a target of backup in the LU 71. 
The generated command CH is transmitted from the host device 
1 via the communication network 2 to the storage control device 
10 (N) . The storage control device 10 (N) receives the command 
CH by the target port 11. The received command CH is analyzed 
by the command control unit 100, and is recognized that it is 
a copy request for requesting data backup . The command control 
unit 100 reads data in the logical block at the specified address 
Ba-Bd in the specified logical volume p by making reference 
to the address of the copy target contained in the command CH. 
The command control unit 100 generates a command (write request ) 
for making the read-out data which is to be backed up to be 
written into the backup device, and transmits the write command 
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from the initiator port 12 to the backup device 3. The backup 
device 3, which received the write command from the storage 
control device 10 (N), writes the received data to a 
predetermined position, and upon completion of writing, 
transmits a write completion report to the storage control device 
10(N) . 

Subsequently, the operation in the case of writing control 
information will be described. The host device 1 generates 
a control information write command as shown in Fig. lOB. The 
storage control device 10 (N) which received the command CH from 
the host device 1 analyzes the command CH and comprehend the 
contents, and then extract control information contained in 
the command CH. Then, as described above, the command control 
unit 100 generates the write command for making the backup device 
3 write extracted control information and transmits it to the 
backup device 3 . The backup device 3 which received the write 
command from the storage control device 10 (N) writes control 
information at a predetermined position and transmits a write 
completion report to the storage control device 10 (N). 

[Direct Backup 2] 

Referring next to Fig. 11, another method of direct backup 
will be described. Fig. 11 shows a case in which the direct 
backup is executed in the configuration in which the actual 
storage area of the second storage control device 200 is 
virtually provided to the host device 1 as if it were its own 
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storage area. 

As shown in the drawing, for example, the first storage 
control device 10 configured of an intelligent fiber channel 
switch, the second storage control device 200, the host device 
1, and the backup device 3 are connected with respect to each 
other via the communication network 2. As described above, 
the actual LU 222 directly controlled by the second storage 
control device 200 is coordinated with the virtual LU 72 of 
the first storage control device 10 by the mapping table TM. 
Accordingly, the first storage control device 10 indirectly 
dominates the actual LU of the second storage control device 
200, and provides it to the host device 1 as the virtual LU 
72. 

Describing now the case of performing data backup, the 
host device 1 generates the command CH containing the request 
ID indicating the copy request , the volume ID (a) and the address 
(Ba-Bd) for specifying target data, and the device ID for 
specifying the copy-to device (the device ID of the backup 
device) . Subsequently, when the host device 1 transmits the 
command CH to the first storage control device 10 via the 
communication network 2 , the command CH is received by the target 
port 11 of the first storage control device 10. The command 
control unit 100 searches the address of the actual LU 222 
corresponding to the address in the virtual LU 72, which is 
the copy target, by analyzing the command CH, and making 
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reference to the copy- from address contained in the command 
CH and the mapping table TM . In other words , the command control 
unit 100 acknowledges that the logical volume corresponding 
to the virtual LU 72 to which direct backup is specified is 
the actual LU 222 accessible from the target port 201, and that 
the range of direct backup is the range between the addresses 
Ba2 to Bd2 in the actual LU 222. 

Subsequently, the command control unit 100 generates a 
read command (read request) for reading data stored in the 
address Ba2 to Bd2 in the actual LU 222, and transmits the read 
command from the initiator port 12 . The read command is received 
by the target port 201 of the second storage control device 
200 via the communication network 2 . The command control unit 
210 of the second storage control device 200 reads data in the 
range requested by the read command from the actual LU 222 and 
transmits it to first storage control device 10. Accordingly, 
the first storage control device 10 obtains data, which is the 
target of direct backup, and stores data temporarily in the 
cache memory 40. Then, the command control unit 100 generates 
a write command (copy request) for making the backup device 
3 write data obtained from the second storage control device 
200 and transmits the write command to the backup device 3 which 
is specified as a copy- to device. The backup device 3 stores 
the received data to a predetermined position based on the write 
command received from the first storage control device 10. 
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A case of writing control information will be described. 
In this case, the operation is similar to direct backup which 
is considered to be a general approach which has been described 
in conjunction with Fig. 10. In other words, the host device 
1 generates the command CH including the request ID indicating 
writing request of control information, the device ID for 
specifying the copy- to device, and control information to be 
backed up and transmits it to the first storage control device 
10 . The command control unit 100 analyzes the received command 
CH, and generates a write command giving instruction to write 
control information extracted from the command CH , and transmits 
it to the backup device 3. The backup device 3 stores control 
information at the predetermined position upon reception of 
the write command. 

In this manner in the configuration virtually 
incorporating the actual LU 222 of the second storage control 
device 200 as the storage area of the first storage control 
device 10, the first storage control device 10 leads the 
operation of the storage system and executes data processing 
requested from the host device l(in the case of direct data 
backup) . Therefore, the processing load of the first storage 
control device 10 increases although it depends on conditions 
such as the number of second storage control devices 200 which 
is indirectly dominated by the first storage control device 
10, the contents of processing requested from the host device 
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1 , the speed of the communication network 2 . Therefore , according 
to the invention, as described below, the load-balancing is 
realized by making the second storage control.device 200 execute 
part or entire processing that can be executed by the first 
storage control device 10. 
t Direct Backup 3] 

Referring next to Fig. 12 to Fig. 14, another method of 
direct backup will be described. This method is characterized 
in that when the direct backup can be executed .by the second 
storage control device 200, the second storage control device 
200 is made to execute direct backup. 

When direct data backup is desired, the host device 1 
generates the command CH for direct backup. The command CH 
contains a request ID indicating copy request, a copy-from 
address of the copy target , and a device ID of the copy- to device , 
as described above. When the host device 1 transmits a command 
CH via the communication network 2, the command CH is received 
by the target port 11 of the first storage control device 10. 

The command control unit 100 acknowledges that the copy 
request is received by analyzing the command CH and making 
reference to the command table TC { not shown ) based on the request 
ID . The command control unit 100 makes reference to the mapping 
table TM based on the copy-from address specified by the command 
CH, and searches the address in the actual LU 222 corresponding 
to the address of the virtual LU 72 . In other words , the command 
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control unit 100 detects the ID {a2) of the volume corresponding 
to the specified virtual LU 72 and detects the address (Ba2 
to Bd2) in the storage space in the actual LU 222 corresponding 
to the address (Ba to Bd) in the storage space in the virtual 
LU 72. 

Subsequently, the command control unit 100 makes 
reference to the function management table TF, and confirms 
support functions that can be executed by the second storage 
control device 200. Fig. 13A shows an example of the function 
management table TF. Fig. 13A shows a case of controlling 
functions of the respective second storage control devices 200. 
In the function management table TF, for example, the device 
ID {SD2(1) to SD2(n)) for specifying the respective second 
storage control devices 200, the port ID (TP2{1) to TP2(n)) 
for accessing the respective actual LUs 222, and Judgement 
information indicating whether or not the respective support 
functions (Fl to Fn) are executable are coordinated with each 
other. The executable functions are marked with "positive", 
and the functions which are not executable are marked with 
"negative". The support functions are, for example, a direct 
backup, copying process between a pair of volumes, mirroring, 
remote copying, and so on. The function management table TF 
is registered manually or automatically when the storage system 
is configured . When only a single second storage control device 
200 is connected to the first storage control device 10, there 
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is only one record in the function management table TF shown 
in Fig. 13A. 

When the command control unit 100 makes reference to the 
function management table TF and confirms that the second storage 
control device 200 supports the direct backup function, the 
command control unit 100 generates the second command CS by 
rewriting part of the first command CH in order to make the 
second storage control device 200 take over the direct backup. 
More specifically, for example, as shown in Fig. 13B, 13C, the 
command CS is generated by making reference to the mapping table 
TM and rewriting the volume ID and the address stored in the 
"copy-from address" in the command CH into the volume ID of 
the corresponding actual LU 222 and the corresponding address 
respectively. In other words, the request ID indicating the 
type of the request and the copy-to device ID are common between 
both commands CH and CS, and only information for identifying 
target data of direct backup is converted into the address in 
the storage space in which that data is actually stored. 
Therefore both of the commands CH , CS are common in data structure 
except that only part of the contents differs from each other. 

In this manner, the command CS generated by the command 
control unit 100 reaches the target port 201 of the second storage 
control device 200 from the initiator port 12 via the 
communication network 2. The command control unit 201 of the 
second storage control device 200 analyzes the command CS and 
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reads out data of specified range from the actual LU 222 . Then, 
the command control unit 210 generates a write command giving 
instruction to write read-out data to the backup device 3, and 
transmits it to the backup device 3 . The backup device 3 stores 
the received data to a predetermined position upon reception 
of write command from the second storage control device 200. 

Referring to Fig. 14, the operation of the first storage 
control device 10 will be described. When the first storage 
control device 10 receives the command CH from the host device 
1 (SI), the command control unit 100 analyzes the command CH 

(52) , and makes reference to the function management table TF 

(53) . Then, when it is judged that the second storage control 
device 200 can execute direct backup of data (YES in S4) , the 
command control unit 100 generates the command CS for making 
the second storage control device 200 take over direct backup 
of data (S5) , and transmits the command CS to the second storage 
control device 200 ( S6 ) . When the second storage control device 
200 does not support the direct backup function (NO in S4), 
the command control unit 100 read data to be backed up from 
the actual LU 222 of the second storage control device 200 (S7 ) . 
The command control unit 100 stores read-out data into the backup 
device 3 by generating a write command and transmits it to the 
backup device 3 (S8). 

When writing control information, it is done in a method 
which is considered to be a general method described above. 
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In other words, the command control unit 100 extracts control 
information from the received command CH, generates a write 
command for writing extracted control information into the 
backup device 3 and transmits it to the backup device 3. 

As described above in detail , according to the embodiment , 
whether or not the data processing (direct backup) requested 
from the host device 1 can be executed by the second storage 
control device 200 is judged and, when it is Judged that the 
second storage control device 200 can execute , the second storage 
control device 200 is made to execute the requested data 
processing. Therefore, since concentration of processing on 
the first storage control devices 10 is prevented and the load 
can be dispersed, the processing load of the first storage 
control devices 10 can be alleviated. Accordingly, the 
information processing resources of the first storage control 
devices 10 can be provided to the host device 1 for realizing 
other services, which contributes to effective utilization of 
the entire storage system. 
[ Embodiment 2 ] 

[Logical volume copying 1] 

Referring next to Fig. 15, the copying process of the 
logical volume will be described . In the logical volume copying 
of the embodiment , the contents of the logical volume are copied 
between the main site (primary site) and the subsite (secondary 
site) installed at locations away from each other. 



54 



The main site includes the host device 1 , the first storage 
control device 10 (SWl) configured of the intelligent fiber 
channel switch, and the second storage control device 200(1), 
which are connected to each other so as to be capable of 
communicating via the communication network 2(1). The subsite 
includes the first storage control device 10(SW2) configured 
of the intelligent fiber channel switch and the second storage 
control device 200(2), which are connected to each other so 
as to be capable of communicating via the communication network 
2(2) . The communication network 2(1) of the main site and the 
communication network 2(2) of the subsite are also connected 
to each other. Hereinafter, in order to clarify in which one 
of the main and sub sites the member is installed, reference 
numeral (1) which represents the primary side and reference 
numeral (2) which represents the secondary side are added, and 
when it is not necessary to differentiate between them these 
additional numerals are omitted. 

The logical volume copying of the embodiment means to 
determine a pair of the logical volume (a) in the main site, 
which is the copy- from volume, and the logical volume (|3) in 
the subsite, which is the copy- to volume (volume pair) and copy 
the stored contents in the logical volume (a) in the main site 
to the logical volume ((3) in the subsite, and can be classified 
into two types. One of them is an initial copy in which all 
data in the logical volume (a) , which is the copy- from volume. 
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is transmitted to and written in the logical volume (P) in the 
subsite, which is the copy- to volume. 

Another one is a renewal copy in which only part of data 
in the logical volume (a) in the main site renewed by the host 
device 1 is transmitted to and written in the logical volume 
(p) in the subsite after completion of the initial copy. 

The initial copy is a processing to transfer the stored 
contents in all the logical blocks possessed by the copy-f rom 
logical volume to the copy- to logical volume, and exerts a large 
processing load to the storage control device that executes 
the initial copy. Therefore, in the embodiment, means for 
preventing the first storage control device from being 
overloaded during initial copy will be described. 

In the prerequisite structure shown in the drawing, the 
case in which the first storage control device lO(SWl) in the 
main site executes copying of logical volume will first be 
described. 

The first storage control devices lO(SWl), 10(SW2) are 
respectively provided with mapping tables TMl, TM2 for loading 
the logical volumes of the corresponding second storage control 
devices 200(1), 200 ( 2 ) . For example , the first storage control 
device lO(SWl) installed in the main site is provided with the 
mapping table TMl as shown in Fig . 16A . The first storage control 
device 10 (SW2) installed in the subsite, for example, is 
provided with the mapping table TM2 as shown in Fig. 16B. Any 
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of mapping tables includes the access port ID, volume ID, and 
address to the actual LUs 222(1), 222(2) of the corresponding 
second storage control devices 200(1), 200(2) as described 
above • 

When performing initial copy, the host device 1 generates 
a command (initial copy start request) for example as shown 
in Fig. 16C. This command contains a request ID for requesting 
start of initial copy, a device ID for specifying the copy- from 
device , a volume ID for specifying the copy- from logical volume , 
a device ID for specifying the copy- to device, and a volume 
ID for specifying the copy- to logical volume. Here, the 
copy ^ from logical volume is the volume (a) of the virtual LU 
72(1) possessed by the first storage control device lO(SWl) 
in the main site, and the copy- to logical volume is the volume 
( P ) of the virtual LU 72 ( 2 ) possessed by the first storage control 
device 10(SW2) of the subsite. 

Referring now to Fig. 17, a flow of the processing will 
be described. A flowchart in Fig. 17 shows schematically a 
processing executed by the command control unit 100(1) of the 
first storage control device lO(SWl) in the main site. When 
the host device 1 transmits a command shown in Fig. 16C to the 
first storage control device lO(SWl) in the main site, the 
command control unit 100 (1) analyzes the received command, 
and performs initial setting of the data read-out position (Sll) . 
In other words, the command control unit 100(1) identifies a 
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virtual LU 72(1) (volume ID=a) provided by the first storage 
control device lO(SWl) in the main site based on the copy-from 
device ID and the copy-from volume ID in the command received 
from the host device 1 and initializes the first logical block 
address of the virtual LU 72(1) as a data read-out position. 

Subsequently, the command control unit 100(1) reads out 
data of an amount determined as the cunount of a batch of 
transmitting data from the initialized data read-out position 
(S12) . The command control unit 100(1) here searches an actual 
LU 222(1) allocated to the virtual LU 72(1) and reads out batch 
of data from the actual LU 222(1) by making reference to the 
mapping table TMl. 

Then, the command control unit 100(1) transmits data which 
is already read out to the copy- to device specified by the host 
device 1, that is, toward the virtual LU 72(2) (volume ID=p) 
of the first storage control device 10 (SW2) installed in the 
subsite and the data is written therein. That is, the command 
control unit 100 (1) requests data writing to the. first storage 
control devices 10 (SW2) in the subsite by a normal write command. 
The volume ID specified by this write command is p, and the 
write address is the first logical block address. 

The write command transmitted from the initiator port 
12(1) of the first storage control device 10 (SWl) in the main 
site reaches the subsite through the communication networks 
2(1), 2(2), and is received by the target port 11 (2) of the 
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first storage control device 10(SW2) in the subsite. 

The command control unit 100 (2) of the first storage 
control device 10 (SW2) analyzes the write command, makes 
reference to the mapping table TM2 , and searches a real LU 222 ( 2 ) 
(volume ID=p2) corresponding to the virtual LU 72(2) (voltime 
ID=P) . The command control unit 100 (2) generates a data write 
command and transmits the write command from the initiator port 
12(2) to the second storage control device 200(2) for making 
received data to be written in the actual LU 222 ( 2 ) ( S13 ) . When 
the second storage control device 200(2) receives the write 
command via the target port 201(2), the command control unit 
210(2) stores the received data to the first logical block 
address of the actual LU 222(2). When writing process is 
completed, the second storage control device 200(2) transmits 
a write completion report to the first storage control device 
lO(SWl). The first storage control device 10(SW2) in the sub 
site transmits a write completion report to the first storage 
control device lO(SWl) in the main site. The timing of write 
completion report may be synchronous mode or asynchronous mode 
depending on the case. 

When writing process for a batch is completed, the command 
control unit 100(1) of the first storage control device lO(SWl) 
advances the position from the previous reading position by 
the eimount corresponding to the amount of a batch of data and 
renews the data read position (S14). By repeating the 
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procedures from S12 to S14 described above until it goes beyond 
the last logical block address of the copy-from logical volume 
to be copied, the initial copy between the pair of volumes is 
completed. 

In this manner, in the initial copy between the pair of 
volumes in the main and sub sites, the leading first storage 
control device 10 (SWl) has to repeat the procedures from S12 
to S14 many times, which is a great burden. Therefore, an 
improved method is presented to reduce the load of the first 
storage control device 10 below. 

[Logical volume copy 2] 

Based on Fig. 18 to Fig. 21, a case in which the initial 
copy between a pair of volumes while reducing the load of first 
storage control device 10 will be described. 

Likewise, the first storage control devices 10 (SWl), 
10(SW2) in both of the main and sub sites are provided with 
mapping tables TMl, TM2 as shown in Fig. 19A, 19B respectively 
for utilizing actual LUs 222(1), 222(2) of the corresponding 
second storage control devices 200 { 1 ) , 200 ( 2 ) as its own virtual 
LUs 72(1), 72(2). These mapping tables TMl , TM2 are registered 
when the storage system is configured. The first storage 
control devices lO(SWl), 10(SW2) in both of the main and sub 
sites are provided respectively with function management tables 
TFl, TF2 which controls a list of the functions which the 
corresponding second storage control devices 200(1), 200(2) 
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support, as shown in Fig. 19C, 19D, In other words, in each 
of the main and sub sites, the first storage control devices 
lO(SWl), 10(SW2) indirectly dominate actual LUs 222(1) , 222(2) 
of the second storage control devices 200(1), 200(2), and 
comprehends the support functions possessed by the second 
storage control devices 200(1), 200(2). 

Likewise, the host device 1 generates an initial copy 
start command having a structure shown in Fig. 19E, and transmits 
it to the first storage control device lO(SWl) in the main site 
via the communication network 2(1). When the initial copy start 
command is received by the first storage control device lO(SWl) 
via the target port 11(1), the command control unit 100(1) 
analyzes the received command and starts the initial copy. A 
flow of subsequent operation will be described referring also 
to Fig. 20, Fig. 20 schematically shows a procedure to be 
executed by the command control unit 100(1) which received the 
initial copy start command. 

The command control unit 100(1) first confirms functions 
that the second storage control devices 200 ( 1 ) , 200 ( 2 ) installed 
in both of the main and sub sites support (S21). The command 
control unit 100(1) makes reference to the function management 
table TFl shown in Fig. 19C, and confirms whether or not the 
second storage control device 200(1) in the main site supports 
the logical volume copying function. For example, assuming 
that the function Fl is a logical volume copying function, since 



it is set to "positive", the command control unit 100(1) 
acknowledges that it is possible to make the second storage 
control device 200(1) in the main site take over the logical 
volume copying process. 

Subsequently, the command control unit 100(1) transmits 
a command (table acquisition request) requesting acquisition 
of the function management table TF2 via the communication 
networks 2(1), 2(2) from the initiator port 12(1) to the first 
storage control device 10(SW2) in the subsite. The acquisition 
command is supplied to the command control unit 100(2) via the 
target port 11 (2). The command control unit 100(2) returns 
the contents of the function management table TF2 shown in Fig. 
19D to the main site side as a response to the acquisition command. 
The command control unit 100(1) in the main site comprehends 
that the second storage control device 200(2) in the subsite 
has the logical volume copying function based on the contents 
of the function management table TF2 acquired from the subsite. 
The contents of the acquired function management table TF2 is 
stored in a shared memory or in the cache memory in the first 
storage control device lO(SWl). In addition to the case in 
which all the content in the function management table TF2 are 
transmitted from the subsite to the main site , it is also possible , 
for example, to configure the command control unit 100 (1) in 
the main site to send an inquiry to the command control unit 
100(2) in the subsite asking whether or not the second storage 
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control device 200(2) supports a specific function. 

In this manner, the conunand control unit 100(1) confirms 
whether or not each of the second storage control devices 200(1), 
200(2) installed in both of the main site and the subsite have 
the logical volume copying function and, when both of them have 
the logical volume copying function (YES in S22), the direct 
logical volume copying process is started by the second storage 
control devices 200(1), 200(2). 

The command control unit 100(1) requests acquisition of 
a mapping table TM2 to the first storage control device 10 (SW2) 
in the subsite so as to acquire information on the actual LU 
222(2) corresponding to the virtual LU 72(2) in the subsite 
which is specified as the copy- to volume from the host device 
1 (S23). The table acquisition request is performed in the 
seime manner as the case of the function management table TF2 , 
the description will be omitted. 

Subsequently, the command control 100(1) transmits an 
initial copy start command from the initiator port 12(1) via 
the communication network 2(1) to the target port 201(1) of 
the second storage control device 200(1) (S24) . In this case, 
the command control unit 100(1) transmits information on the 
copy-from logical volume to be copied (a) extracted from the 
mapping table TM 1 in the main site together with information 
on the copy- to logical volume (p) extracted from the mapping 
table TM2 in the subsite to the second storage control device 



200(1) in the main site. When the host device 1 renewed the 
contents of the virtual LU 72(1) by the host device 1 while 
the second storage control device 200(1) is performing initial 
copy, information on the renewed logical block is stored in 
a differential bitmap table TB. 

When the second storage control device 200 ( 1) in the main 
site receives the initial copy start command via the target 
port 201(1), the command is analyzed by the command control 
unit 210(1), and the initial copy shown in Fig, 21 starts. 

Fig. 21 shows an initial copy executed by the command 
control unit 210(1) of the second storage control device 200(1) 
in the main site. The command control unit 210(1) initializes 
the first logical block address of the copy-from virtual LU 
72(1) (volume ID=a) based on copy-from volume ID specified by 
the initial copy start command and information on each logical 
volume to be copied obtained in S24 as a data read-out position 
(S31) . 

Subsequently, the command control unit 210(1) reads data 
by an amount, which is preset as a batch of transmitting data, 
from the preset data read-out position (S32). At this time, 
the command control unit 210(1) searches the real LU 222(1) 
corresponding to the virtual LU 72(1) based on information in 
the mapping table TMl which has been acquired from the first 
storage control device lO(SWl), and a batch of transmitting 
data is read out from the first logical block address of the 
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actual LU 222(1) (volume ID =a2). 

The command control 210(1) then transmits the read-out 
data to, and stores the same at, the copy- to destination 
specified by the first copy start command (S33). This write 
request is performed by the normal write command. The command 
control unit 210(1) at this time sets the destination in the 
write command to the actual LU 222(2) (volume ID=p2) 
corresponding to the virtual LU 72(2) in the subsite based on 
information in the mapping table TM2 acquired from the first 
storage control device lO(SWl). The copy- to address is the 
Scune as the address specified when reading data from the actual 
LU 222(1) . 

The write command transmitted from the initiator port 
202 (1) of the second storage control device 200(1) is received 
by the target port 201(2) of the second storage control device 
200 ( 2 ) in the, subsite via the communication network 2(1), 2(2). 
The command control unit 210(2) of the second storage control 
device 200(2) writes received data at a predetermined position 
in the actual LU 222(2) according to the received write command 
and reports write completion to the second storage control device 
200(1) in the main site. 

When processing of one write command is completed, the 
command control unit 210(1) renews the data read position by 
advancing the position from the previous read-out position by 
the amount corresponding to a batch of transmit data (S34). 
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The command control unit 210(1) repeats the procedures from 
S32 to S34 until the contents stored in the actual LU 222(1) 
is transferred to the actual LU 222(2) completely (S35) . When 
the initial copy is completed, the command control unit 210(1) 
reports completion of initial copy to the first storage control 
device lO(SWl) . 

When the initial copy is completed, the procedure returns 
to Fig. 20, where the command control unit 100(1) of the first 
storage control device lO(SWl) makes reference to the 
differential bitmap table TB. The differential bitmap table 
TB contains information on new data written by the host device 
1 into the virtual LU 72(1), which is the original copy- from 
target, during initial copy, that is, address information of 
the renewed logical block. 

When the fact that the contents stored in the virtual 
LU 72 ( 1 ) has changed during initial copy is detected by referring 
the differential bitmap table TB , the command control unit 100(1) 
executes a procedure to write all the logical blocks shown in 
the differential bitmap table TB into the copy- to virtual LU 
72(2) (S25) . The copy of this renewed data can be performed, 
for example, according to the method described in [Logical volume 
copy 1 ] . 

The reason why the process of writing new data written 
during initial copy to the subslte is performed is as follows . 
The command control unit 210(1) in the second storage control 
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device 200(1) performs initial copy according to the logical 
block address in the ascending order. For example, when new 
data is written in the vicinity of the first logical block address 
of the logical volume at the timing when the initial copy is 
about to be completed, the command control unit 210(1) cannot 
copy this data on the side of the subsite. In order to avoid 
uncopied logical block, copying of newly written data based 
on the differential bitmap table TB is performed. 

In Fig, 20, one of the second storage control devices 
200 ( 1 ) , 200(2) in the main and sub sites is judged not to support 
the logical volume copy function (NO in S22), as described in 
[Logical volume copy 1], initial copy is executed in the 
initiative of the first istorage control device 10 (SWl) in the 
main site (S26). 

According to the embodiment thus configured, as in the 
case of the previous embodiment, the data processing (logical 
volume copy between the main site and the subsite) requested 
by the host device can be committed to the second storage control 
devices 200(1), 200(2), and the load of data processing can 
be dispersed to reduce the load of the first storage control 
devices 10 (SWl), 10(SW2). Therefore, information processing 
capacity of the first storage control device 10 (SWl) can be 
utilized for realizing other services , and hence the storage 
system can be effectively operated. 
[ Embodiment 3 ] 
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Referring next to Fig. 22, a third embodiment of the 
invention will be described. The embodiment is characterized 
in that the first storage control device 10 includes a plurality 
of virtual LUs 72(1), 72(2) and applied to the case where the 
storage contents in the plurality of virtual LUs 72(1), 72(2) 
are synchronized (mirroring) . 

The first storage control device 10 is configured of an 
intelligent fiber channel switch, and includes two virtual LUs 
, 72(1), 72(2). One virtual LU 72(1) is a primary volume, and 
the other virtual LU 72 ( 2 ) is a secondary volume • The substances 
of the virtual LUs 72(1), 72(2) exist in the actual LUs 222 ( 1 ) , 
222(2) of the second storage control device 200, respectively. 

When copying the contents stored in the virtual LU 72( 1) , 
the same methods described in [ Logical volume copy 1 ] or [ Logical 
volume copy 2] in the second embodiment may be employed. 

For example, according to one method, the first storage 
control device 10 can copy all data in the actual LU 222(1) 
to the actual LU 222(2) by reading data in the actual LU 222(1) 
in the second storage control device 200 from the first logical 
block address by a predetermined amount and writing the read- out 
data in the actual LU 222 ( 2 ) of the second storage control device 
200 at a predetermined position. 

According to another method, whether or not the second 
storage control device 200 supports the mirroring function is 
judged and, when it supports the mirroring function, the first 
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storage control device 10 transmits a mirroring start command 
to the second storage control device 200. The mirroring start 
command at least contains an copy- from voltune ID (a) and the 
copy- to voliime ID (p). In this case, the contents stored in 
the mapping table TMcanbe transmitted together . Alternatively, 
it is also possible to convert the copy- from volume ID into 
a2, and the copy- to volume ID into P2 respectively by making 
reference to the mapping table TM and transmit the mirroring 
start command. 

Upon reception of the mirroring start command, the second 
storage control device 200 copies all data from the first logical 
block address to the last logical block address in the actual 
LU 222(1) to the actual LU 222(2) by a predetermined amount. 
When data is renewed by the host device 1, as described above, 
it is possible to copy the renewed data afterwards using the 
differential bitmap table. 

The invention is not limited to the embodiments described 
above . Various additions or modifications may be made by those 
skilled in the art without departing from the scope of the 
invention. Although the intelligent fiber channel switch has 
been mainly described in the embodiments described above, the 
invention is not limited to, and may widely be applied also 
to the disk array system and the like. It is also possible 
to apply the invention to the case in which virtual storage 
areas corresponding to the actual storage areas of the different 
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second storage control devices are provided in the first storage 
control devices . 
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